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݇ଵ DQG݇ିଵ DUH WKHϭϯϱ
H[WULQVLF UDWH FRQVWDQWV IRU WKH IRUZDUG DQG UHYHUVH UHDFWLRQV IRU HDFK DQRPHU Į DQG ȕϭϯϲ
UHVSHFWLYHO\7KHVROXWLRQRIWKLVHTXDWLRQJLYHVWKHLQWHQVLW\RIWKHWUDQVIHUUHGPDJQHWL]DWLRQϭϯϳ
DW߬୫୧୶ϭϯϴ
ϭϯϵ
 ൬ܫఈሺ߬୫୧୶ሻܫఉሺ߬୫୧୶ሻ൰ ൌ  ൤൬
െܴఈ െ ݇ଵ ݇ିଵ
݇ଵ െܴఉ െ ݇ିଵ൰ ߬୫୧୶൨ൈቆ
ܫఈሺͲሻ െ ܫఈ଴
ܫఉሺͲሻ െ ܫఉ଴
ቇ ൅ ቆܫఈ
଴
ܫఉ଴
ቇ ϭϰϬ
ϭϰϭ
8QGHUWKHFRQGLWLRQRIFKHPLFDOHTXLOLEULXPWKHQHWIOX[LV]HUR+RZHYHUWKHXQLGLUHFWLRQDOϭϰϮ
IOX[HVUHPDLQDQGDUHHTXDOLQERWKGLUHFWLRQV7KXVϭϰϯ
ϭϰϰ
݇ଵሾȽሿୣ୯ ൌ  ݇ିଵሾȾሿୣ୯         ϭϰϱ
ϭϰϲ
$QGϭϰϳ
ϭϰϴ
ܭୣ୯ ൌ 
ሾஒሿ೐೜
ሾ஑ሿ౛౧ ൌ
௞భ
௞షభ
ൌ ሺെ οீோ்ሻ       ϭϰϵ
 
ϭϱϬ
7RREWDLQWKHUDWHFRQVWDQWV݇ଵDQG݇ିଵDWDJLYHQFRQFHQWUDWLRQUDWLRRIWKHVXEVWUDWHDQGϭϱϭ
HQ]\PHDVHULHVRI'+(;6<VSHFWUDZLWKPL[LQJWLPHWPL[UDQJLQJIURPPVWRVϭϱϮ
ZHUHDFTXLUHGXVLQJD'VHOHFWLYH12(6<SXOVHVHTXHQFH)RUHDFKVXEVWUDWHFRQFHQWUDWLRQϭϱϯ
WKHQRUPDOL]HGLQWHJUDOVRIWKHVXEVWUDWH+DDQGSURGXFW+EDQRPHULFVLJQDOVDUHSORWWHGϭϱϰ
DJDLQVWPL[LQJWLPHSURYLGLQJEXLOGXSDQGGHFD\FXUYHVUHVSHFWLYHO\DVGHVFULEHGSUHYLRXVO\ϭϱϱ
>@7KHGDWDZHUHWKHQILWWHGWRDVHFRQGRUGHUSRO\QRPLDODQDSSUR[LPDWLRQWR(TZKLFKϭϱϲ
LVYDOLGIRUVKRUWPL[LQJWLPHV7KHWDQJHQWDW߬୫୧୶ WKHVRFDOOHGLQLWLDOUDWHDSSURDFK>@ϭϱϳ
SURYLGHVHVWLPDWHVRIERWKH[FKDQJHUDWHFRQVWDQWV݇ଵDQG݇ିଵϭϱϴ
ϭϱϵ
0LFKDHOLV±0HQWHQNLQHWLFVϭϲϬ
7KHHTXLOLEULXPH[FKDQJHNLQHWLFVUHDFWLRQUDWHݒୣ୯RIDPXWDURWDVHPHGLDWHGUHDFWLRQFDQϭϲϭ
EHH[SUHVVHGDVϭϲϮ
ϭϲϯ
 ݒୣ୯ሺሾȽሿሻ ൌ  ௏ౣ ౗౮
౛౧ ሾ஑ሿ
௄౉
౛౧ାሾ஑ሿ        ϭϲϰ
ϭϲϱ
୫ܸୟ୶
ୣ୯  LV WKH PD[LPXP UDWH RI UHDFWLRQ UHDFKHG XQGHU VDWXUDWLQJ HTXLOLEULXP H[FKDQJHϭϲϲ
FRQGLWLRQVZKHQ>Į@!!ܭ୑ୣ୯7KHUDWHRIWKHPXWDURWDWLRQSURFHVVFDQEHH[SUHVVHGLQWHUPVRIϭϲϳ
WKH0LFKDHOLV0HQWHQHTXDWLRQϭϲϴ
ϭϲϵ
 ݒ௘௤ ൌ ݇ଵሾȽሿୣ୯ ൌ  ௏ౣ ౗౮
౛౧ ሾ஑ሿ
௄౉
౛౧ାሾ஑ሿ       ϭϳϬ
ϭϳϭ
kFDWLVFDOFXODWHGE\GLYLGLQJ ୫ܸୟ୶ୣ୯ E\WKHHQ]\PHFRQFHQWUDWLRQϭϳϮ
ϭϳϯ
'++(;6<H[SHULPHQWVϭϳϰ
'++(;6<VSHFWUDIRUDOOVXEVWUDWHV64*OF3*OF*DO0DQ*OF$ZHUHDFTXLUHGϭϳϱ
DW&RQD%UXNHU$YDQFH,,VSHFWURPHWHUHTXLSSHGZLWKD7;,FU\RSUREHXVLQJWKHϭϳϲ
VWDQGDUG'12(6<(;6<SXOVHVHTXHQFHQRHV\SKSU6SHFWUDZHUHFROOHFWHGZLWKDQGϭϳϳ
VFDQVLQWKHDEVHQFHDQGSUHVHQFHRIHQ]\PHUHVSHFWLYHO\$PL[LQJWLPHWPL[RIVZDVϭϳϴ
XVHGIRUDOOWKHH[SHULPHQWV6SHFWUDZHUHSURFHVVHGDQGDQDO\VHGXVLQJ72363,1YHUVLRQϭϳϵ
%UXNHUDQG+FKHPLFDOVKLIWVZHUHUHIHUHQFHGLQGLUHFWO\WR'66DWSSPYLDWKH+2ϭϴϬ
UHVRQDQFHSSPDW &6DPSOHVZHUHSUHSDUHG LQ'2EXIIHU FRQVLVWLQJRI P0ϭϴϭ
 
VRGLXPSKRVSKDWHP01D&OS'ZLWKDVXEVWUDWHFRQFHQWUDWLRQP0LQWKHDEVHQFHϭϴϮ
RUSUHVHQFHRI0Hs640S'ZDVPHDVXUHGXVLQJDS+PHWHUDQGWKHUHODWLRQVKLSS'ϭϴϯ
 S+ϭϴϰ
ϭϴϱ
'+(;6<H[SHULPHQWVϭϴϲ
Michaelis-Menten parameters ϭϴϳ
'+(;6<VSHFWURVFRSLFVWXGLHVIRU64DQG*OF3ZHUHSHUIRUPHGDW&RQD%UXNHUϭϴϴ
$YDQFH ,,, VSHFWURPHWHUHTXLSSHGZLWKD7&,FU\RSUREHXVLQJD' VHOHFWLYH12(6<ϭϴϵ
SXOVHVHTXHQFHVHOQRJS%UXNHU6DPSOHVZHUHSUHSDUHGLQ'2EXIIHUFRQVLVWLQJRIP0ϭϵϬ
VRGLXPSKRVSKDWHP01D&OS'XVLQJ0Hs640DWVXEVWUDWHFRQFHQWUDWLRQVϭϵϭ
UDQJLQJIURPP0IRU64RUP0IRU*OF3S'YDOXHVZHUHFDOFXODWHGϭϵϮ
XVLQJWKHIROORZLQJUHODWLRQVKLSS' S+)RUHDFKVDPSOH'+(;6<VSHFWUDZLWKϭϵϯ
PL[LQJ WLPHWPL[ UDQJLQJ IURPPV WRVZHUHDFTXLUHGZLWKQXPEHURI VFDQVYDU\LQJϭϵϰ
EHWZHHQDQGGHSHQGLQJRQWKHFRQFHQWUDWLRQRIVXEVWUDWH$UHF\FOHGHOD\RIVFDϭϵϱ
WLPHVRIPHDVXUHG+TUHOD[DWLRQWLPHVEHWZHHQVFDQVZDVXVHGIRUWKHDFTXLVLWLRQRIϭϵϲ
' +(;6< VSHFWUD 6SHFWUDZHUH VXEVHTXHQWO\ SURFHVVHG DQG DQDO\VHG XVLQJ72363,1ϭϵϳ
YHUVLRQ%UXNHU.LQHWLFGDWDIRUFRQYHUVLRQRIWKHȕDQRPHURI64WRWKHDDQRPHUZHUHϭϵϴ
REWDLQHGE\VHOHFWLYHO\LQYHUWLQJWKHUHVRQDQFHRI+ȕDWSSPXVLQJD*DXVVLDQVKDSHGϭϵϵ
SXOVHRIPV DQGvice versa IRUFRQYHUVLRQ RI WKHĮDQRPHU WR WKH ȕDQRPHU WKH VDPHϮϬϬ
VHOHFWLYHSXOVHZDVDSSOLHGWRWKHUHVRQDQFHRI+ĮDWSSP6LPLODUO\IRUWKHFRQYHUVLRQϮϬϭ
RIWKHȕDQRPHURI*OF3WRWKHDDQRPHUNLQHWLFGDWDZHUHREWDLQHGE\VHOHFWLYHO\LQYHUWLQJϮϬϮ
WKHVLJQDOIRU+ȕDWSSP$EXLOGXSFXUYHIRUWKHȕDQRPHUFRXOGQRWEHREWDLQHGVLQFHϮϬϯ
WKHVLJQDOIRU+ȕDWSSPZDVDIIHFWHGE\WKHQHDUE\+2'SHDNDWSSPVHH6,GDWDϮϬϰ
IRU UHSUHVHQWDWLYH +105VSHFWUD ,QVWHDG WKH UDWH FRQVWDQW IRU WKHFRQYHUVLRQRI WKHĮϮϬϱ
DQRPHU WR WKH ȕDQRPHU ZHUH FDOFXODWHG XVLQJ (T  5DWHV IRU HDFK FRQFHQWUDWLRQ ZHUHϮϬϲ
FDOFXODWHGXVLQJWKH3ULVPVRIWZDUHSDFNDJH*UDSK3DG6FLHQWLILF6RIWZDUH'DWDZHUHILWWHGϮϬϳ
WRDVHFRQGRUGHUSRO\QRPLDOIXQFWLRQDVGHVFULEHGSUHYLRXVO\E\$VNLet al>@ϮϬϴ
ϮϬϵ
pD dependence of activity for +VSQMϮϭϬ
7KH0LFKDHOLV0HQWHQSDUDPHWHUkFDW/K0ZDVPHDVXUHGIRU*OF3PXWDURWDWLRQLQ'2EXIIHUϮϭϭ
FRQVLVWLQJRIP0FLWUDWHSKRVSKDWHP01D&ODWDUDQJHRIS'YDOXHVϮϭϮ
DQGDW&5HDFWLRQVZHUHLQLWLDWHGE\DGGLQJϮϭϯ
0Hs640WR*OF3P0LQEXIIHUDQGWKHUDWHPHDVXUHGE\'+(;6<DVϮϭϰ
 
GHVFULEHGDERYHZLWKPL[LQJWLPHWPL[UDQJLQJIURPPVWRVDQGQXPEHURIVFDQVIURPϮϭϱ
DQG.LQHWLFGDWDZHUHREWDLQHGIRUWKHFRQYHUVLRQRIWKHȕDQRPHURI*OF3WRWKHĮϮϭϲ
DQRPHUE\VHOHFWLYHO\LQYHUWLQJWKHVLJQDOIRU+ȕDWSSPkFDW/K0DQGSKDYDOXHVZHUHϮϭϳ
FDOFXODWHGXVLQJWKH3ULVPVRIWZDUHSDFNDJH*UDSKSDG6FLHQWLILF6RIWZDUHS+GHSHQGHQFHϮϭϴ
ZDVILWWRWKHIROORZLQJIXQFWLRQϮϭϵ
ݕ ൌ  ௞ౙ౗౪௄౉ ൥൭
ଵ
ଵା൬ భబ
ష౦ౄ
భబష౦಼౗భା
భబష౦಼౗మ
భబష౦ౄ
൰
൱൩ ൅ ܿ    ϮϮϬ
ϮϮϭ
8QFDWDO\]HGPXWDURWDWLRQUDWHPHDVXUHPHQWϮϮϮ
7KHXQFDWDO\]HGUDWHFRQVWDQWIRU64PXWDURWDWLRQZDVPHDVXUHGXVLQJSRODULPHWU\RQD-DVFRϮϮϯ
',3GLJLWDOSRODULPHWHUHTXLSSHGZLWK1DQP ODPSDQGPPFHOOXVLQJDϮϮϰ
VXOIRTXLQRYRVLGDVH WR JHQHUDWH Į64 IURP QLWURSKHQ\O D'VXOIRTXLQRYRVLGH 31364ϮϮϱ
$QDO\VLVE\+105VSHFWURVFRS\DQGWKLQOD\HUFKURPDWRJUDSK\UHYHDOHGWKDWK\GURO\VLVRIϮϮϲ
31364ZDV FRPSOHWHZLWKLQ PLQ 64DVH ILQDO FRQFHQWUDWLRQ 0ZDV DGGHG WR DϮϮϳ
VROXWLRQRI31364ILQDOFRQFHQWUDWLRQP0LQEXIIHULQDILQDOYROXPHRIPO%XIIHUVϮϮϴ
FRQVLVWHG RI P0 VRGLXP SKRVSKDWH P01D&O LQ+2 S+  P0 VRGLXPϮϮϵ
SKRVSKDWHP01D&OLQ'2S'RUP0VRGLXPSKRVSKDWH01D&OLQ'2ϮϯϬ
S'7KH UHDFWLRQPL[WXUHZDV WUDQVIHUUHG WR WKH SRODULPHWU\ FHOO DQG DIWHU PLQ WKHϮϯϭ
PXWDURWDWLRQUDWHZDVPRQLWRUHGFRQWLQXRXVO\DW&E\UHDGLQJVSHFLILFURWDWLRQDWYDULRXVϮϯϮ
WLPHV 7KH UDWH FRQVWDQW ZDV FDOFXODWHG XVLQJ WKH 3ULVP  VRIWZDUH SDFNDJH *UDSKSDGϮϯϯ
6FLHQWLILF6RIWZDUH'DWDZHUHILWWHGWRDRQHSKDVHGHFD\IXQFWLRQt OQkϮϯϰ
 )RUPXWDURWDWLRQDVGHVFULEHGLQHTXDWLRQWKHUDWHRIFKDQJHLQWKHFRQFHQWUDWLRQRIϮϯϱ
WKHĮDQRPHUKDVWZRFRQWULEXWLRQVLWLVGHSOHWHGE\WKHIRUZDUGUHDFWLRQDWUDWHk>Į@DQGLVϮϯϲ
UHSOHQLVKHGE\WKHUHYHUVHUHDFWLRQDWUDWHk>Į@7KHQHWUDWHRIFKDQJHLVWKHUHIRUHϮϯϳ
Ϯϯϴ
ௗሾఈሿ
ௗ௧ ൌ െ݇ଵሾߙሿ ൅ ݇ିଵሾߚሿ       Ϯϯϵ
ϮϰϬ
7KHVROXWLRQRIWKLVILUVWRUGHUGLIIHUHQWLDOHTXDWLRQLVϮϰϭ
ϮϰϮ
ሾߙሿ ൌ  ቄ௞షభା௞భ௘
షሺೖభశೖషభሻ೟
௞భା௞షభ
ቅ ሾߙሿ଴      Ϯϰϯ
Ϯϰϰ
$QGWKXVWKHILUVWRUGHUGHFD\FRQVWDQWkLVUHODWHGWRWKHIRUZDUGDQGUHYHUVHUDWHVDVϮϰϱ
 
Ϯϰϲ
݇ ൌ ݇ଵ ൅ ݇ିଵ        Ϯϰϳ
Ϯϰϴ
8VLQJHTXDWLRQZKLFKUHODWHVWKHHTXLOLEULXPFRQVWDQWWRWKHIRUZDUGDQGUHYHUVHUDWHVWKLVϮϰϵ
VKRZVWKDWϮϱϬ
Ϯϱϭ
ܭ௘௤ ൌ  ሾஒሿ
೐೜
ሾ஑ሿ౛౧ ൌ
௞భ
௞ି௞భ
        ϮϱϮ
Ϯϱϯ
Ϯϱϰ
5HVXOWVϮϱϱ
2XU LQLWLDO HIIRUWV WR FKDUDFWHUL]H64PXWDURWDVHV IRFXVHGRQ H[SUHVVLQJYihR IURPE. coliϮϱϲ
ZKLFKXWLOL]HVWKHVXOIR(03SDWKZD\>@DQGPpSQ1_00415IURPP. putida64ZKLFKϮϱϳ
XWLOL]HVWKHVXOIR('SDWKZD\>@LQDQE. coliH[SUHVVLRQV\VWHP+RZHYHUGHVSLWHVFUHHQLQJϮϱϴ
VHYHUDOH[SUHVVLRQFRQVWUXFWVDQGFRQGLWLRQVRQO\DSRRU\LHOGRIORZTXDOLW\SURWHLQZDVHYHUϮϱϵ
REWDLQHG7KXVZHWXUQHGRXUDWWHQWLRQWRRWKHUSXWDWLYH64PXWDURWDVHVIURPYDULRXVEDFWHULDϮϲϬ
WKDW SRVVHVV VXOIRJO\FRO\WLF JHQH FOXVWHUV DQG VXFFHHGHG LQ REWDLQLQJ :3BϮϲϭ
KHUHDIWHU Hs640 IURP Herbaspirillum seropedicaea LQ KLJK \LHOG DQG SXULW\ H.ϮϲϮ
seropedicaeaLVDQLWURJHQIL[LQJHQGRSK\WLFEDFWHULXPFDSDEOHRIFRORQL]LQJWKHLQWHUFHOOXODUϮϲϯ
VSDFHVRIJUDVVHVVXFKDVULFHDQGVXJDUFDQH>@DQGFRQWDLQVDSUHGLFWHGVXOIR('RSHURQϮϲϰ
DQDORJRXV WR WKDW RI P. putida 64 EXW ODFNLQJ LQ V\QWHQ\ )LJXUH $ >@ $ VHTXHQFHϮϲϱ
DOLJQPHQW RI WKHVH WKUHH SXWDWLYH VXOIRTXLQRYRVH PXWDURWDVHV DV ZHOO DV WZR VWUXFWXUDOO\Ϯϲϲ
FKDUDFWHUL]HGKH[RVHPXWDURWDVHV LV SURYLGHG LQ)LJXUH%Hs640VKDUHVVLPLODULW\Ϯϲϳ
 LGHQWLW\ ZLWKE. coli <LK5 DQG  VLPLODULW\  LGHQWLW\ ZLWKP. putida 64Ϯϲϴ
3S64B6,7DEOH$OO WKUHHSURWHLQVUHWDLQWKHKLJKO\FRQVHUYHGUHVLGXHVRIRWKHUϮϲϵ
KH[RVHPXWDURWDVHV+LV+LVDQG*OXLQHs6407KHHTXLYDOHQWUHVLGXHWRHs640ϮϳϬ
+LVLQJDODFWRVHPXWDURWDVHIURPE. coliKDVSUHYLRXVO\EHHQSURSRVHGWREHLQYROYHGLQϮϳϭ
VXEVWUDWHELQGLQJ>@ZKHUHDVWKHHTXLYDOHQWUHVLGXHVWR+LVDQG*OXDUHSURSRVHGWRϮϳϮ
DFWLQUROHVRIJHQHUDODFLGDQGJHQHUDOEDVHUHVSHFWLYHO\LQWKHILUVWKDOIRIWKHUHDFWLRQOHDGLQJϮϳϯ
WRWKHDF\FOLFDOGHK\GHLQJDODFWRVHPXWDURWDVHVIURPERWKL. lactisDQGE. coli >@Ϯϳϰ
 7KHL7$66(5VHUYHU>@SURYLGHGDKRPRORJ\PRGHORI Hs640ZLWKD&VFRUHϮϳϱ
RI  VXJJHVWLQJ LW WR EH D JRRG DSSUR[LPDWLRQ IRU WKH SURWHLQ¶V QDWLYH IROG 7KLV ZDVϮϳϲ
FRPSDUHGWRH[LVWLQJVWUXFWXUHVE\XVLQJ70DOLJQ>@DQGUHWXUQHGRQO\RWKHUSUHGLFWHGϮϳϳ
PXWDURWDVHVWUXFWXUHV*UHDWHVWVWUXFWXUDOVLPLODULW\ZDVIRXQGEHWZHHQWKHHs640PRGHODQGϮϳϴ
 
DJDODFWRVHPXWDURWDVHOLNHSURWHLQIURPClostridium acetobutylicum3'%26)LJXUH$Ϯϳϵ
ZLWK D 506' RI  c EHWZHHQ VWUXFWXUDO PRGHOV GHVSLWH ERWK SURWHLQV VKDULQJ ϮϴϬ
LGHQWLW\6WUXFWXUDODOLJQPHQWRIWKHHs640KRPRORJ\PRGHODQGWKHJDODFWRVHPXWDURWDVHϮϴϭ
GRPDLQRIJDOIURPS. cerevisaeZLWK'JDODFWRVHERXQG3'%=>@UHYHDOVWKDWWKHϮϴϮ
FRQVHUYHGDFWLYHVLWHUHVLGXHV+LV+LVDQG*OXLQWKHKRPRORJ\PRGHODUHSRVLWLRQHGϮϴϯ
DSSURSULDWHO\IRUFDWDO\VLV)LJXUH%Ϯϴϰ
'++(;6<ZDVXVHGWRDVVHVVZKHWKHUHs640FDQFDWDO\]HPXWDURWDWLRQ$'Ϯϴϱ
SXOVHVHTXHQFHHTXLYDOHQWWRWKDWXVHGIRUD'++12(6<H[SHULPHQWZDVHPSOR\HGWRϮϴϲ
SURYLGHDYLVXDOUHSUHVHQWDWLRQRIWKHFKHPLFDOH[FKDQJHQHWZRUN>@$VLPLODUDSSURDFKϮϴϳ
ZDVXWLOL]HGE\*UDLOOHDQGFRZRUNHUVWRVWXG\DKH[RVHSKRVSKDWHPXWDURWDVH>@EXLOGLQJϮϴϴ
RQZRUNE\%DODEDQDQG)HUUHWWLIRUWKHVWXG\RIDQRPHUL]DWLRQLVRPHUL]DWLRQRI*OF3E\Ϯϴϵ
SKRVSKRJOXFRVH LVRPHUDVH XVLQJ ' 33 (;6< >@ DQG HDUOLHU ZRUN E\ .XFKHO DQGϮϵϬ
FRZRUNHUVZKRVWXGLHGPXWDURWDWLRQFDWDO\]HGE\SRUFLQHPXWDURWDVHXVLQJ &&(;6<Ϯϵϭ
>@,QWKLVDSSURDFKDOOQXFOHLDUHH[FLWHGXVLQJDH[FLWDWLRQSXOVHZKLFKLVDOORZHGWRϮϵϮ
HYROYH RYHU D t SHULRG $ VHFRQG  SXOVH LV WKHQ DSSOLHG WR URWDWH WKH yFRPSRQHQW RIϮϵϯ
PDJQHWL]DWLRQRQWRWKHzD[LVDQGDPL[LQJLQWHUYDOWPL[DOORZVPDJQHWL]DWLRQWUDQVIHUWKURXJKϮϵϰ
FKHPLFDOH[FKDQJH$ILQDOSXOVHFUHDWHVWUDQVYHUVHPDJQHWL]DWLRQLQWKHxySODQHZKLFKϮϵϱ
LV GHWHFWHG 0ROHFXOHV WKDW XQGHUJR FKHPLFDO LQWHUFRQYHUVLRQ GLVSOD\ FURVVSHDN VLJQDOVϮϵϲ
EHWZHHQDVLJQDOIURPWKHVXEVWUDWHDORQJRQHD[LVRIWKH'VSHFWUXPDQGWKHFRUUHVSRQGLQJϮϵϳ
QXFOHXVLQWKHSURGXFWRQWKHRWKHUD[LV&DUHIXOFKRLFHRIPL[LQJWLPHWREHVKRUWHUWKDQWKDWϮϵϴ
UHTXLUHGIRUFKHPLFDOH[FKDQJHE\VSRQWDQHRXVPXWDURWDWLRQFDQDOORZTXDOLWDWLYHGHWHFWLRQϮϵϵ
RI HQ]\PHFDWDO\]HG PXWDURWDWLRQ LQ D VLQJOH 105 H[SHULPHQW )LJXUH $ VKRZV WKDW DϯϬϬ
VROXWLRQRI64GLVSOD\V+RIWKHDDQGEDQRPHUVDVLQGHSHQGHQWVHWVRIVLJQDOVDQGXSRQϯϬϭ
DGGLWLRQRIHs640RIIGLDJRQDOFURVVSHDNVDSSHDUEHWZHHQWKHDQRPHULFSURWHLQV7KLVGDWDϯϬϮ
SURYLGHV HYLGHQFH WKDW FKHPLFDO H[FKDQJH LV RFFXUULQJ DQG WKDWHs640 LV FDWDO\]LQJ WKHϯϬϯ
PXWDURWDWLRQRI64ϯϬϰ
7RTXDOLWDWLYHO\H[SORUHWKHVXEVWUDWHVSHFLILFLW\RIHs640ZHDVVHVVHGWKHDELOLW\RIϯϬϱ
WKHHQ]\PHWRFDWDO\]HPXWDURWDWLRQRIRWKHUVLPSOHKH[RVHV)LJXUHV%)Hs640FRXOGϯϬϲ
FDWDO\]HWKHPXWDURWDWLRQRI'JOXFRVHSKRVSKDWHDQG'JOXFXURQLFDFLGVKRZLQJWKDWWKHϯϬϳ
VXOIRQDWHJURXSLVQRWUHTXLUHGDQGWKDWHs640FDQWROHUDWHRWKHUDQLRQLFJURXSV$VHWRIϯϬϴ
VLPSOH DOGRKH[RVHVZDV DOVR VWXGLHGHs640 FDWDO\]HGPXWDURWDWLRQ RI 'JOXFRVH DQG 'ϯϬϵ
JDODFWRVHVKRZLQJWKDWWKHHQ]\PHLVWROHUDQWRIHLWKHUVWHUHRFKHPLVWU\DW&+RZHYHUXVLQJϯϭϬ
WKLVSXOVHVHTXHQFHZHFRXOGQRWGHWHFWHs640PHGLDWHGPXWDURWDWLRQRI'PDQQRVHRQWKHϯϭϭ
 
105WLPHVFDOHGHPRQVWUDWLQJ WKHSUHIHUHQFHRIHs640IRUVXEVWUDWHVZLWKDQHTXDWRULDOϯϭϮ
&K\GUR[\OJURXSϯϭϯ
:KLOH WKHVH H[SHULPHQWV SURYLGH LQVLJKWV LQWR WKH VXEVWUDWH VSHFLILFLW\ RIHs640ϯϭϰ
VLPSOHKH[RVHVDUHQRWSUHVHQWDWDQ\DSSUHFLDEOHFRQFHQWUDWLRQZLWKLQEDFWHULDOFHOOVDVVKRZQϯϭϱ
IRUE. coliJURZQRQYDULRXVFDUERQVRXUFHV>@2WKHUWKDQ64WKHRQO\RWKHUSK\VLRORJLFDOO\ϯϭϲ
SODXVLEOH VXEVWUDWH IRU Hs640 LV JOXFRVHSKRVSKDWH *OF3 DQ DEXQGDQW SULPDU\ϯϭϳ
PHWDEROLWHSURGXFHGE\EDFWHULDJURZQRQJOXFRVHJO\FHURORUDFHWDWH >@7RH[SORUH WKHϯϭϴ
VHOHFWLYLW\RIHs640IRU64DQG*OF3ZHXVHG(;6<WRGHWHUPLQHNLQHWLFSDUDPHWHUVϯϭϵ
XQGHUFRQGLWLRQVRIHTXLOLEULXPH[FKDQJH:KLOHLWLVSRVVLEOHWRXVH'PHWKRGVWRGHWHUPLQHϯϮϬ
UDWHV DFFXUDWH GHWHUPLQDWLRQ UHTXLUHV a priori NQRZOHGJH RI RSWLPXPPL[LQJ WLPHV DQG DϯϮϭ
OHQJWK\H[SHULPHQWDQGVRZHHOHFWHGWRXVHWKHDOWHUQDWLYH'(;6<DSSURDFK0HDVXUHPHQWϯϮϮ
RIWKHHTXLOLEULXPH[FKDQJHUDWHFRQVWDQWVZDVDFKLHYHGE\VHOHFWLYHLQYHUVLRQRIDGLVWLQFWLYHϯϮϯ
VLJQDOIURPRQHDQRPHUDQGWKHQPRQLWRULQJWKHUHWXUQWRHTXLOLEULXPLQWHQVLW\RIVLJQDOVIURPϯϮϰ
ERWK DQRPHUV )RU TXDQWLWDWLYH GHWHUPLQDWLRQ RI UDWHV WKH VHOHFWLYH LUUDGLDWLRQPXVW EH RIϯϮϱ
VXIILFLHQWSRZHUDQGGXUDWLRQWRLQYHUWWKHWDUJHWHGPDJQHWL]DWLRQ\HWVKRXOGQRWGLUHFWO\DIIHFWϯϮϲ
WKHHTXLOLEULXPPDJQHWL]DWLRQRIWKHRWKHUVSLQSRSXODWLRQ'XHWRWKHFKHPLFDOH[FKDQJHRIϯϮϳ
WKH DQRPHUV WKH LQYHUWHG PDJQHWL]DWLRQ UHGLVWULEXWHV LQWR WKH XQLUUDGLDWHG VLWH 7KHϯϮϴ
PDJQHWL]DWLRQFDQWKHQEHVDPSOHGE\QRUPDOPHWKRGV)LJXUHV$%VKRZEXLOGXSFXUYHVRIϯϮϵ
+DDULVLQJIURPWKHLUUDGLDWLRQRI+ERI64DQG*OF3UHVSHFWLYHO\DQG)LJXUHV&'ϯϯϬ
VKRZWKHUHVSHFWLYHGHFD\FXUYHVIURPWKHVDPHH[SHULPHQWIRU+E$OVRVKRZQLVWKHWDQJHQWϯϯϭ
DWWPL[ ZKLFKSURYLGHVWKHH[FKDQJHUDWHFRQVWDQW)LJXUHV()VKRZ0LFKDHOLV0HQWHQϯϯϮ
SORWVIRUFRQYHUVLRQRIWKHEDQRPHUVRI64DQG*OF3UHVSHFWLYHO\:KLOH64H[KLELWHGϯϯϯ
VDWXUDWLRQNLQHWLFVDOORZLQJFDOFXODWLRQRIkFDWK0DQGkFDWK0YDOXHV*OF3GLGQRWDQGWKXVϯϯϰ
RQO\kFDWK0FRXOGEHFDOFXODWHG$VWKHHTXLOLEULXPFRQFHQWUDWLRQVRIWKHWZRDQRPHUVRIHDFKϯϯϱ
VXEVWUDWHDUHNQRZQWKLVGDWDDOORZVFDOFXODWLRQRINLQHWLFSDUDPHWHUVIRUWKHUHYHUVHUHDFWLRQϯϯϲ
7KHFRPSOHWHVHWRINLQHWLFSDUDPHWHUVIRUWKHIRUZDUGDQGUHYHUVHPXWDURWDWLRQUHDFWLRQVDUHϯϯϳ
VKRZQLQ7DEOHDQGUHYHDOVWKDWHs640GLVSOD\VDQDSSUR[LPDWHIROGVHOHFWLYLW\IRU64ϯϯϴ
RYHU*OF3LQWHUPVRIWKHkFDWK0YDOXHVϯϯϵ
ϯϰϬ
7DEOH0LFKDHOLV0HQWHQNLQHWLFSDUDPHWHUVIRUHs640FDWDO\]HGPXWDURWDWLRQRI64DQGϯϰϭ
*OF3XQGHUFRQGLWLRQVRIHTXLOLEULXPH[FKDQJHϯϰϮ
VXEVWUDWH kFDWV K0P0 kFDWK00V
D64 î  î
 
E64 î  î
D*OF3 ଲ ଲ î
E*OF3 ଲ ଲ î
 ϯϰϯ
7RJDLQLQVLJKWLQWRWKHUDWHHQKDQFHPHQWDFKLHYHGE\Hs640ZHPHDVXUHGWKHUDWHϯϰϰ
RIPXWDURWDWLRQRI64E\SRODULPHWU\XVLQJDFRXSOHGDVVD\,QFXEDWLRQRIQLWURSKHQ\OD'ϯϰϱ
VXOIRTXLQRYRVLGHZLWKDUHWDLQLQJVXOIRTXLQRYRVLGDVHRFFXUVZLWKUHWHQWLRQRIFRQILJXUDWLRQWRϯϰϲ
DIIRUGD640RQLWRULQJWKHUDWHRIPXWDURWDWLRQRID64LQP0SKRVSKDWHEXIIHUUHYHDOHGϯϰϳ
DKDOIOLIHRIPLQ6,)LJXUH%\FRPSDULVRQPXWDURWDWLRQRID*OF3KDVEHHQUHSRUWHGϯϰϴ
WRRFFXUDW&ZLWKDKDOIOLIHRIV>@+RZHYHUSKRVSKDWHEXIIHULVNQRZQWRϯϰϵ
FDWDO\]H PXWDURWDWLRQ>@ ,Q RUGHU WR PHDVXUH WKH UDWH RI PXWDURWDWLRQ LQ SKRVSKDWHIUHHϯϱϬ
FRQGLWLRQVDQGWRVXEVHTXHQWO\DOORZFRPSDULVRQZLWKHQ]\PHFDWDO\]HGUDWHVPHDVXUHGLQϯϱϭ
'2ZHPHDVXUHGPXWDURWDWLRQUDWHVRI64LQ'2DWYDULRXVFRQFHQWUDWLRQVRISKRVSKDWHDWϯϱϮ
SVHXGRFRQVWDQWLRQLFVWUHQJWKDFKLHYHGZLWK01D&O)LJXUH$([WUDSRODWLRQRIWKLVGDWDϯϱϯ
WR>SKRVSKDWH@ P0JDYHDSUHGLFWHGPXWDURWDWLRQUDWHkRIîVPLQϯϱϰ
FRUUHVSRQGLQJ WRDKDOIOLIHRIPLQ8VLQJ WKHHTXLOLEULXPFRQVWDQWKHT DOORZVϯϱϱ
FDOFXODWLRQRIIRUZDUGDQGUHYHUVHUDWHVRIk î±V±DQGk± î±V±$VLPLODUϯϱϲ
FDOFXODWLRQIRU*OF3PXWDURWDWLRQKHT XVLQJ WKHSXEOLVKHGGDWDJDYHIRUZDUGDQGϯϱϳ
UHYHUVHUDWHVRIk î±V±DQGk î±V±VWULFWO\VSHDNLQJWKHVH
XQFDWDO\]HG
ϯϱϴ
UDWHVDUHIRUk+2k+>+2@k+2>+2±@ϯϱϵ
7KHDERYHGDWDDOORZXVWRFDOFXODWHWKHFDWDO\WLFSURILFLHQF\RIHs640IRUFDWDO\]LQJϯϲϬ
WKHPXWDURWDWLRQRI64DQG*OF37KHSURILFLHQF\FRQVWDQWV>kXQFDWkFDWK0@IRUHs640ϯϲϭ
DUHî0IRUD64DQGî0IRUD*OF3UHYHDOLQJWKDWHs640ELQGVWKHϯϲϮ
64WUDQVLWLRQ VWDWH VRPHIROG WLJKWHU WKDQ IRU*OF3DQG LV WKXVEHVW FRQVLGHUHGDϯϲϯ
VXOIRTXLQRYRVHPXWDURWDVH:HQRWHWKDWWKHPXWDURWDWLRQUDWHIRU*OF3ZDVPHDVXUHGLQϯϲϰ
+2ZKHUHDVDOORWKHUPHDVXUHPHQWVZHUHSHUIRUPHGLQ'2WKXVDVROYHQW LVRWRSHHIIHFWϯϲϱ
PD\VRPHZKDWFRQIRXQGWKLVDQDO\VLVQRQHWKHOHVVWKHEURDGFRQFOXVLRQVVWLOODSSO\ϯϲϲ
7KHS'GHSHQGHQFHRIDFWLYLW\ IRUHs640ZDVGHWHUPLQHGXVLQJ'+(;6<IRUϯϲϳ
*OF3$WDFRQFHQWUDWLRQRIP0*OF3GRHVQRWVKRZVDWXUDWLRQXQOLNHIRU64DQGϯϲϴ
VRUDWHVPHDVXUHGDWWKLVFRQFHQWUDWLRQSURYLGHDQHVWLPDWHRIkFDWK0)LJXUHVKRZVWKHS'ϯϲϵ
GHSHQGHQFH RI DFWLYLW\ LV EHOOVKDSHG ZLWK D EURDGPD[LPXP RI DFWLYLW\ RI S'  7KHϯϳϬ
VLPSOHVW LQWHUSUHWDWLRQ RI WKHVH UHVXOWV LV WKDW LW DULVHV IURP LRQL]DWLRQ RI WZR FDWDO\WLFDOO\ϯϳϭ
LPSRUWDQWUHVLGXHVZLWKSKDYDOXHVRIDQG7KHLRQL]DWLRQRIWKHDFLGLFOLPEϯϳϮ
 
SUHVXPDEO\UHIOHFWLRQVLRQL]DWLRQRIWKHJHQHUDODFLG*OXDQGWKHEDVLFOLPELRQL]DWLRQRIϯϳϯ
WKHJHQHUDOEDVH+LV%\FRPSDULVRQWKHLQWULQVLFSKDYDOXHVIRUWKHLRQL]DEOHVLGHFKDLQVϯϳϰ
RI*OXDQG+LVDUHDQGUHVSHFWLYHO\>@,QERWKFDVHVDQGSDUWLFXODUO\WKHODWWHUWKHVHϯϳϱ
LQWULQVLFSKDYDOXHVDUHSHUWXUEHGSUHVXPDEO\EHFDXVHRIWKHDFWLYHVLWHHQYLURQPHQWLQFOXGLQJϯϳϲ
FKDUJHFKDUJH DQG FKDUJHGLSROH LQWHUDFWLRQV DV ZHOO DV GHVROYDWLRQ HIIHFWV >@ 7KH S'ϯϳϳ
GHSHQGHQFHRIWKLVHQ]\PHLVVLPLODUWRWKHS+GHSHQGHQFHRIJUHHQSHSSHUPXWDURWDVH>@ϯϳϴ
EXWEURDGHUWKDQWKDWRIE. coliJDODFWRVHPXWDURWDVH>@ϯϳϵ
ϯϴϬ
'LVFXVVLRQϯϴϭ
0DQ\HQ]\PHVLQYROYHGLQWKHPHWDEROLVPRIIUHHVXJDUVDUHVWHUHRVSHFLILFIRURQHDQRPHURIϯϴϮ
WKHLU VXEVWUDWH)RU H[DPSOH \HDVW JDODFWRNLQDVH VSHFLILFDOO\SKRVSKRU\ODWHVDJDODFWRVH WRϯϴϯ
SURGXFHD'JDODFWRVHSKRVSKDWH >@ JOXFRVHGHK\GURJHQDVH IURPBacillus megaterium ϯϴϰ
XVHV RQO\E'JOXFRVH DV D VXEVWUDWH >@ \HDVW SKRVSKRJOXFRVH LVRPHUDVH RQO\ XVHVD'ϯϴϱ
JOXFRVHSKRVSKDWHDVVXEVWUDWH>@DQG\HDVWSKRVSKRPDQQRVHLVRPHUDVHLVVSHFLILFIRUDϯϴϲ
'PDQQRVHSKRVSKDWH>@)RUWKHVHHQ]\PHVDFFHVVWRWKHDSSURSULDWHVXEVWUDWHDQRPHUϯϴϳ
ZRXOGEHUDWHOLPLWLQJin vivoLIWKHSURFHVVUHOLHGRQVSRQWDQHRXVPXWDURWDWLRQ0XWDURWDVHVϯϴϴ
HQVXUHWKDWWKHUHLVUDSLGHTXLOLEUDWLRQEHWZHHQDQRPHUVWRHOLPLQDWHWKLVPHWDEROLFERWWOHQHFNϯϴϵ
:KLOH VRPHPXWDURWDVHV KDYH EHHQ OLQNHG WR VSHFLILFPHWDEROLF SDWKZD\V >@ LW KDV EHHQϯϵϬ
GLIILFXOWWRDVVLJQPDQ\RWKHUVWRDVLQJOHVXEVWUDWHRUPHWDEROLFSURFHVV>@,WLVXQFOHDULIϯϵϭ
WKHLQKHUHQWSURPLVFXLW\RIPDQ\PXWDURWDVHVFRQIHUVDQDGYDQWDJHWRWKHLUKRVWVRUVLPSO\ϯϵϮ
LPSRVHQRFRVWWRILWQHVVϯϵϯ
6XOIR(03DQGVXOIR('JHQHFOXVWHUVERWKHQFRGHSXWDWLYHPXWDURWDVHVKRPRORJRXVϯϵϰ
WRHs640 WKDW DUH XSUHJXODWHG LQ UHVSRQVH WR JURZWK RQ 64 > @ VXJJHVWLQJ WKDW WKHLUϯϵϱ
SULPDU\IXQFWLRQLVDVDQ64PXWDURWDVH:HVKRZKHUHWKDWHs640IURPWKHVXOIR('FOXVWHUϯϵϲ
RIH. seropedicaea FDQ FDWDO\]H64PXWDURWDWLRQZLWK D JUHDWHUkFDWK0YDOXH WKDQ IRU WKHϯϵϳ
SRVVLEOHDOWHUQDWLYHVXEVWUDWH*OF3ZKLFKLVLWVHOIDQLPSRUWDQWPHWDEROLWHWKDWIHHGVLQWRϯϵϴ
WKH (PEGHQ0H\HUKRI3DUQDV DQG (QWQHU'RXGRURII JO\FRO\WLF SDWKZD\V DV ZHOO DV WKHϯϵϵ
SHQWRVH SKRVSKDWH SDWKZD\ ,W LV SRVVLEOH WKDW WKH DFWLYLW\ RI WKH HQ]\PH RQ *OF3 LVϰϬϬ
DGYDQWDJHRXV WR D EDFWHULXP WUDQVLWLRQLQJ EHWZHHQ JURZWK RQ 64 DQG JURZWK RQ *OFϰϬϭ
)XUWKHUPRUHGXHWRWKHEURDGVXEVWUDWHWROHUDQFHRIPDQ\PXWDURWDVHVLWLVSRVVLEOHWKDWRWKHUϰϬϮ
HQ]\PHVPD\SOD\DUROHLQFDWDO\VLQJ64PXWDURWDWLRQZLWKLQWKHFHOO WKRXJKDQ\HQ]\PHϰϬϯ
WKDWGRHVVRLVXQOLNHO\WREHWUDQVFULSWLRQDOO\UHJXODWHGE\64FRQFHQWUDWLRQDVHs640DQGϰϬϰ
LWVKRPRORJVDUHϰϬϱ
 
7KHVXEVWUDWHVSHFLILFLW\RIHs640EHDUVVLPLODULWLHVWRWKHDOGRVHHSLPHUDVHIURPϰϬϲ
E. coli JDO0 ZKLFK LV WROHUDQW WR IXQFWLRQDO JURXS FKDQJHV DW & DQG VWHUHRFKHPLVWU\ϰϬϳ
FKDQJHVDW&*DOEXWQRWDW&0DQ>@2QWKHRWKHUKDQGLWLVGLVWLQJXLVKHGIURP\HDVWϰϬϴ
\PUFZKLFKHQFRGHVDKH[RVHSKRVSKDWHPXWDURWDVHZLWKDFWLYLW\RQ*OF3*DO3ϰϬϵ
DQG0DQ3DQGWKXVWROHUDWHVVWHUHRFKHPLFDOLQYHUVLRQDW&>@6HTXHQFHDOLJQPHQWVDQGϰϭϬ
VWUXFWXUDOPRGHOOLQJUHYHDOWKDWHs640OLNHO\DFWVWKURXJKDPHFKDQLVPFRQVHUYHGZLWKDOOϰϭϭ
RWKHUPXWDURWDVHV7KHVXEVWUDWH WROHUDQFHRIHs640IRUVXEVWLWXHQWYDULDWLRQDW& OLHV LQϰϭϮ
FRQWUDVW WR E. coli 64DVH ZKLFK H[KLELWHG QHJOLJLEOH DFWLYLW\ RQ DJOXFRVLGHV GXH WR LWVϰϭϯ
VSHFLDOL]HGVHWRIFRQVHUYHGUHVLGXHVWKDWUHFRJQL]HWKHVXOIRQDWHJURXSRI64JO\FRVLGHV>@ϰϭϰ
7KHHIIHFWLYHQHVVRIDQHQ]\PHDVDFDWDO\VWFDQEHTXDQWLILHGE\PHDVXULQJWKHUDWHϰϭϱ
HQKDQFHPHQWLWSURYLGHVUHODWLYHWRWKHUDWHRIWKHXQFDWDO\]HGUHDFWLRQ>@7KLVZRUNUHYHDOVϰϭϲ
WKDWXQFDWDO\]HG64PXWDURWDWLRQLVDUHODWLYHO\VORZUHDFWLRQZLWKWKHUDWHIRUĮ64VRPHϰϭϳ
IROG ORZHU WKDQ WKDWRID*OF32QWKHRWKHUKDQGHs640FDWDO\]HVPXWDURWDWLRQϰϭϴ
ZLWKDkFDWK0YDOXHDURXQGIROGKLJKHUWKDQIRU*OF3&RPELQLQJWKHVHYDOXHVUHYHDOVWKDWϰϭϵ
Hs640 LV DSSUR[LPDWHO\ IROG PRUH SURILFLHQW DV D FDWDO\VW LQ FDWDO\]LQJ WKHϰϮϬ
PXWDURWDWLRQRI64DQG*OF3$VHQ]\PHVDFKLHYHWKHLUUDWHHQKDQFHPHQWWKURXJKVHOHFWLYHϰϮϭ
VWDELOL]DWLRQ RI WKH WUDQVLWLRQ VWDWH UHODWLYH WR WKH JURXQG VWDWH WKHVH GDWD VXJJHVW WKDW WKHϰϮϮ
DIILQLW\IRUWKHWUDQVLWLRQVWDWHRI64PXWDURWDWLRQLVDSSUR[LPDWHO\IROGJUHDWHUWKDQϰϮϯ
WKDW IRU *OF3 PXWDURWDWLRQ $V KDV EHHQ QRWHG E\ RWKHUV WKH XQXVXDOO\ KLJK UDWH RIϰϮϰ
PXWDURWDWLRQRI*OF3LVPXFKJUHDWHUWKDQWKDWRIRWKHUKH[RVHV>@DQGDSSHDUVWREHDϰϮϱ
UHVXOW RI QHLJKERULQJ JURXS SDUWLFLSDWLRQ E\ WKH SHQGDQW SKRVSKDWH JURXS >@ RXU GDWDϰϮϲ
VXJJHVWVWKDWWKHVXOIRQDWHJURXSRI64GRHVQRWSURYLGHQHLJKERXULQJJURXSSDUWLFLSDWLRQϰϮϳ
 8QGHUVWDQGLQJWKHSUHFLVHUROHRI640VLQWKHVXOIR(03DQGVXOIR('SDWKZD\VZLOOϰϮϴ
UHTXLUH NQRZOHGJH RI WKH VXEVWUDWH VSHFLILFLWLHV IRU XSVWUHDP DQG GRZQVWUHDP SURFHVVHVϰϮϵ
8SVWUHDPSURFHVVHVLQFOXGH64LPSRUWHUVDQG64DVHV)RURUJDQLVPVJURZQRQDPL[WXUHRIϰϯϬ
64DQRPHUVWKH64LPSRUWHUVPD\H[KLELWDSUHIHUHQFHIRURQO\RQH64DQRPHUDQ640PD\ϰϯϭ
EHUHTXLUHGIRUUHHVWDEOLVKLQJDQHTXLOLEULXPPL[WXUHRI64DQRPHUV$SHUWLQHQWH[DPSOHLVϰϯϮ
WKDWRIUHGEORRGFHOOVLQZKLFKLWLVNQRZQWKDWJOXFRVHLPSRUWHUVH[KLELWDSUHIHUHQFHIRUĮϰϯϯ
JOXFRVH>@DQGDSRWHQWLDOUROHIRUJOXFRPXWDURWDVHLQDSHUPHDVHV\VWHPLQYROYHGLQ UHϰϯϰ
HVWDEOLVKLQJWKLVHTXLOLEULXPKDVEHHQDGYDQFHG>@)RUFHOOVJURZQRQ64JO\FRVLGHV64LVϰϯϱ
UHOHDVHGE\DFWLRQRI64DVHVWKHLPPHGLDWHSURGXFWLVD64DQG640VPD\EHUHTXLUHGWRϰϯϲ
HQKDQFHFRQYHUVLRQRID64WRE64WRPDWFKWKHSUHIHUHQFHRIDGRZQVWUHDPHQ]\PHRUWRϰϯϳ
DFWLQWKHUHYHUVHGLUHFWLRQWRµUHVFXH¶E64WKDWDFFXPXODWHVDVDUHVXOWRIWKHVSRQWDQHRXVϰϯϴ
 
PXWDURWDWLRQRID64'RZQVWUHDPHQ]\PHVLQFOXGH64LVRPHUDVHVDQG64GHK\GURJHQDVHVϰϯϵ
$V \HW WKH DQRPHULF SUHIHUHQFH LI DQ\ RI WKHVH HQ]\PHV LV XQNQRZQ 7KH 105 (;6<ϰϰϬ
H[SHULPHQWVXVHGKHUHLQWRSUREH640DFWLYLW\ZKLFKEXLOGRQSLRQHHULQJZRUNUHDFKLQJEDFNϰϰϭ
PDQ\ GHFDGHV FRXOG EH RI XVH IRU VWXG\LQJ WKH VXEVWUDWH SUHIHUHQFHV RI WKH GRZQVWUHDPϰϰϮ
HQ]\PHVDQGLQVRGRLQJFRXOGKHOSSURYLGHWKHELRORJLFDOFRQWH[WIRUWKH640Vϰϰϯ
ϰϰϰ
$EEUHYLDWLRQVϰϰϱ
'+$3GLK\GUR[\DFHWRQHSKRVSKDWH'+36GLK\GUR[\SURSDQHVXOIRQDWH*DOJDODFWRVHϰϰϲ
*OFJOXFRVH*OF$JOXFXURQLFDFLG0DQPDQQRVH('(QWQHU'RXGRURII(03(PEGHQϰϰϳ
0H\HURI3DUQDV(;6<H[FKDQJHVSHFWURVFRS\105QXFOHDUPDJQHWLFUHVRQDQFH31364ϰϰϴ
QLWURSKHQ\O D'VXOIRTXLQRYRVLGH 6/ VXOIRODFWDWH 64 VXOIRTXLQRYRVH 64DVHϰϰϵ
VXOIRTXLQRYRVLGDVH640VXOIRTXLQRYRVHPXWDURWDVHϰϱϬ
ϰϱϭ
$XWKRU&RQWULEXWLRQϰϱϮ
6-:6<DQG('*%FRQFHLYHGDQGFRRUGLQDWHGWKHVWXG\-3/DQG-<SHUIRUPHGWKHϰϱϯ
FORQLQJDQGSURWHLQH[SUHVVLRQ3$DQG6<FRQGXFWHGWKH105PHDVXUHPHQWV3$DQGϰϱϰ
&% FRQGXFWHG WKH SRODULPHWU\ PHDVXUHPHQWV $OO DXWKRUV FRQWULEXWHG WR ZULWLQJ RI WKHϰϱϱ
PDQXVFULSWDQGDSSURYHGWKHILQDOYHUVLRQRIWKHPDQXVFULSWϰϱϲ
ϰϱϳ
)XQGLQJϰϱϴ
:HWKDQNWKH$XVWUDOLDQ5HVHDUFK&RXQFLOIRUIXQGLQJ'3*-'LVD5R\DO6RFLHW\ϰϱϵ
.HQ 0XUUD\ 5HVHDUFK )HOORZ DQG VXOIRTXLQRYRVH ZRUN LQ <RUN LV VXSSRUWHG E\ WKHϰϲϬ
/HYHUKXOPH 7UXVW ('*% DFNQRZOHGJHV VXSSRUW IURP WKH $XVWUDOLDQ &DQFHU 5HVHDUFKϰϲϭ
)RXQGDWLRQ9LFWRULDQ6WDWH*RYHUQPHQW2SHUDWLRQDO ,QIUDVWUXFWXUH6XSSRUW DQG$XVWUDOLDQϰϲϮ
*RYHUQPHQW1+05&,5,,66ϰϲϯ
ϰϲϰ
$FNQRZOHGJHPHQWVϰϲϱ
:HWKDQN3URI)UDQFHV6HSDURYLFIRUVXJJHVWLQJWKHXVHRI(;6<WRVWXG\WKLVV\VWHPϰϲϲ
ϰϲϳ
&RPSHWLQJ,QWHUHVWVϰϲϴ
7KH$XWKRUVGHFODUHWKDWWKHUHDUHQRFRPSHWLQJLQWHUHVWVDVVRFLDWHGZLWKWKHPDQXVFULSWϰϲϵ
ϰϳϬ
5HIHUHQFHVϰϳϭ
 
ϭ ĞŶŐĞƌ͕<͕͘tĞŝƐƐ͕D͕͘&ĞůƵǆ͕͘<͕͘^ĐŚŶĞŝĚĞƌ͕͕͘DĂǇĞƌ͕͕͘^ƉŝƚĞůůĞƌ͕͕͘,ƵŚŶ͕d͕͘ϰϳϮ
ŽŽŬ͕͘D͘ĂŶĚ^ĐŚůĞŚĞĐŬ͕͘;ϮϬϭϰͿ^ƵůƉŚŽŐůǇĐŽůǇƐŝƐŝŶƐĐŚĞƌŝĐŚŝĂĐŽůŝ<ͲϭϮĐůŽƐĞƐĂŐĂƉŝŶϰϳϯ
ƚŚĞďŝŽŐĞŽĐŚĞŵŝĐĂůƐƵůƉŚƵƌĐǇĐůĞ͘EĂƚƵƌĞ͘ϱϬϳ͕ϭϭϰͲϭϭϳϰϳϰ
Ϯ &ĞůƵǆ͕͘<͕͘^ƉŝƚĞůůĞƌ͕͕͘<ůĞďĞŶƐďĞƌŐĞƌ͕:͘ĂŶĚ^ĐŚůĞŚĞĐŬ͕͘;ϮϬϭϱͿŶƚŶĞƌͲϰϳϱ
ŽƵĚŽƌŽĨĨƉĂƚŚǁĂǇĨŽƌƐƵůĨŽƋƵŝŶŽǀŽƐĞĚĞŐƌĂĚĂƚŝŽŶŝŶWƐĞƵĚŽŵŽŶĂƐƉƵƚŝĚĂ^Yϭ͘WƌŽĐ͘EĂƚů͘ϰϳϲ
ĐĂĚ͘^Đŝ͘h^͘ϭϭϮ͕ϰϮϵϴͲϰϯϬϱϰϳϳ
ϯ 'ŽĚĚĂƌĚͲŽƌŐĞƌ͕͘͘ĂŶĚtŝůůŝĂŵƐ͕^͘:͘;ϮϬϭϳͿ^ƵůĨŽƋƵŝŶŽǀŽƐĞŝŶƚŚĞďŝŽƐƉŚĞƌĞ͗ϰϳϴ
ŽĐĐƵƌƌĞŶĐĞ͕ŵĞƚĂďŽůŝƐŵĂŶĚĨƵŶĐƚŝŽŶƐ͘ŝŽĐŚĞŵ͘:͘ϰϳϰ͕ϴϮϳʹϴϰϵϰϳϵ
ϰ ^ƉĞĐŝĂůĞ͕'͕͘:ŝŶ͕z͕͘ĂǀŝĞƐ͕'͘:͕͘tŝůůŝĂŵƐ͕^͘:͘ĂŶĚ'ŽĚĚĂƌĚͲŽƌŐĞƌ͕͘͘;ϮϬϭϲͿϰϴϬ
zŝŚYŝƐĂƐƵůĨŽƋƵŝŶŽǀŽƐŝĚĂƐĞƚŚĂƚĐůĞĂǀĞƐƐƵůĨŽƋƵŝŶŽǀŽƐǇůĚŝĂĐǇůŐůǇĐĞƌŝĚĞƐƵůĨŽůŝƉŝĚƐ͘EĂƚ͘ϰϴϭ
ŚĞŵ͘ŝŽů͘ϭϮ͕ϮϭϱͲϮϭϳϰϴϮ
ϱ dĂŶŶĞƌ͕D͘;ϭϵϵϳͿDƵƚĂƌŽƚĂƐĞƐ͘/ŶŽŵƉƌĞŚĞŶƐŝǀĞŝŽůŽŐŝĐĂůĂƚĂůǇƐŝƐ;^ŝŶŶŽƚƚ͕D͘ϰϴϯ
>͕͘ĞĚ͘Ϳ͘ƉƉ͘ϮϬϴͲϮϬϵ͕ĐĂĚĞŵŝĐWƌĞƐƐ͕>ŽŶĚŽŶϰϴϰ
ϲ ,ŽůĚĞŶ͕,͘D͕͘ZĂǇŵĞŶƚ͕/͘ĂŶĚdŚŽĚĞŶ͕:͘͘;ϮϬϬϯͿ^ƚƌƵĐƚƵƌĞĂŶĚĨƵŶĐƚŝŽŶŽĨϰϴϱ
ĞŶǌǇŵĞƐŽĨƚŚĞ>ĞůŽŝƌƉĂƚŚǁĂǇĨŽƌŐĂůĂĐƚŽƐĞŵĞƚĂďŽůŝƐŵ͘:͘ŝŽů͘ŚĞŵ͘Ϯϳϴ͕ϰϯϴϴϱͲϰϯϴϴϴϰϴϲ
ϳ >ĞǀǇ͕'͘͘ĂŶĚŽŽŬ͕͘^͘;ϭϵϱϰͿƌŽƚŽŐƌĂƉŚŝĐƐƚƵĚǇŽĨŵƵƚĂƌŽƚĂƐĞ͘ŝŽĐŚĞŵ͘:͘ϱϳ͕ϰϴϳ
ϱϬͲϱϱϰϴϴ
ϴ <ĞƐƚŽŶ͕͘^͘;ϭϵϲϰͿƐĞŶƐŝƚŝǀĞƉŽůĂƌŝŵĞƚƌŝĐĂƐƐĂǇŽĨŵƵƚĂƌŽƚĂƐĞƵƚŝůŝǌŝŶŐƌĂĐĞŵŝĐϰϴϵ
ŵŝǆƚƵƌĞƐŽĨƐƵŐĂƌƐ͘ŶĂů͘ŝŽĐŚĞŵ͘ϵ͕ϮϮϴͲϮϰϮϰϵϬ
ϵ ,ƵĐŚŽ͕&͘ĂŶĚtĂůůĞŶĨĞůƐ͕<͘;ϭϵϳϭͿdŚĞĞŶǌǇŵĂƚŝĐĂůůǇĐĂƚĂůǇǌĞĚŵƵƚĂƌŽƚĂƚŝŽŶ͘dŚĞϰϵϭ
ŵĞĐŚĂŶŝƐŵŽĨĂĐƚŝŽŶŽĨŵƵƚĂƌŽƚĂƐĞ;ĂůĚŽƐĞϭͲĞƉŝŵĞƌĂƐĞͿĨƌŽŵƐĐŚĞƌŝĐŚŝĂĐŽůŝ͘Ƶƌ͘:͘ϰϵϮ
ŝŽĐŚĞŵ͘Ϯϯ͕ϰϴϵͲϰϵϲϰϵϯ
ϭϬ KŬƵĚĂ͕:͕͘DŝǁĂ͕/͕͘DĂĞĚĂ͕<͘ĂŶĚdŽŬƵŝ͕<͘;ϭϵϳϳͿZĂƉŝĚĂŶĚƐĞŶƐŝƚŝǀĞ͕ĐŽůŽƌŝŵĞƚƌŝĐϰϵϰ
ĚĞƚĞƌŵŝŶĂƚŝŽŶŽĨƚŚĞĂŶŽŵĞƌƐŽĨͲŐůƵĐŽƐĞǁŝƚŚͲŐůƵĐŽƐĞŽǆŝĚĂƐĞ͕ƉĞƌŽǆŝĚĂƐĞ͕ĂŶĚϰϵϱ
ŵƵƚĂƌŽƚĂƐĞ͘ĂƌďŽŚǇĚƌ͘ZĞƐ͘ϱϴ͕ϮϲϳͲϮϳϬϰϵϲ
ϭϭ ,ŝůů͕:͘͘ĂŶĚŽǁĂƌƚ͕͘^͘;ϭϵϲϲͿŶĂƵƚŽŵĂƚĞĚĐŽůŽƌŝŵĞƚƌŝĐŵƵƚĂƌŽƚĂƐĞĂƐƐĂǇ͘ŶĂů͘ϰϵϳ
ŝŽĐŚĞŵ͘ϭϲ͕ϯϮϳͲϯϯϳϰϵϴ
ϭϮ tĞŝďĞů͕D͘<͘;ϭϵϳϲͿĐŽƵƉůĞĚĞŶǌǇŵĞĂƐƐĂǇĨŽƌĂůĚŽƐĞϭͲĞƉŝŵĞƌĂƐĞ͘ŶĂů͘ŝŽĐŚĞŵ͘ϰϵϵ
ϳϬ͕ϰϴϵͲϰϵϰϱϬϬ
ϭϯ ĞŶƚůĞǇ͕Z͘ĂŶĚŚĂƚĞ͕͘^͘;ϭϵϲϬͿDƵƚĂƌŽƚĂƐĞĨƌŽŵWĞŶŝĐŝůůŝƵŵŶŽƚĂƚƵŵ͘/͘ϱϬϭ
WƵƌŝĨŝĐĂƚŝŽŶ͕ĂƐƐĂǇ͕ĂŶĚŐĞŶĞƌĂůƉƌŽƉĞƌƚŝĞƐŽĨƚŚĞĞŶǌǇŵĞ͘:͘ŝŽů͘ŚĞŵ͘Ϯϯϱ͕ϭϮϭϵͲϭϮϮϰϱϬϮ
ϭϰ <ƵĐŚĞů͕W͘t͘;ϭϵϵϬͿ^ƉŝŶͲĞǆĐŚĂŶŐĞEDZƐƉĞĐƚƌŽƐĐŽƉǇŝŶƐƚƵĚŝĞƐŽĨƚŚĞŬŝŶĞƚŝĐƐŽĨϱϬϯ
ĞŶǌǇŵĞƐĂŶĚŵĞŵďƌĂŶĞƚƌĂŶƐƉŽƌƚ͘EDZŝŽŵĞĚ͘ϯ͕ϭϬϮͲϭϭϵϱϬϰ
ϭϱ 'ĂĞĚĞ͕,͘͘;ϮϬϬϳͿEDZĞǆĐŚĂŶŐĞƐƉĞĐƚƌŽƐĐŽƉǇ͘/ŶDŽĚĞƌŶEDZ^ƉĞĐƚƌŽƐĐŽƉǇŝŶϱϬϱ
ĚƵĐĂƚŝŽŶ͘ƉƉ͘ϭϳϲͲϭϴϵ͕ŵĞƌŝĐĂŶŚĞŵŝĐĂů^ŽĐŝĞƚǇϱϬϲ
ϭϲ <ƵĐŚĞů͕W͘t͕͘ƵůůŝŵĂŶ͕͘d͘ĂŶĚŚĂƉŵĂŶ͕͘͘;ϭϵϴϴͿDƵƚĂƌŽƚĂƐĞĞƋƵŝůŝďƌŝƵŵϱϬϳ
ĞǆĐŚĂŶŐĞŬŝŶĞƚŝĐƐƐƚƵĚŝĞĚďǇϭϯͲEDZ͘ŝŽƉŚǇƐ͘ŚĞŵ͘ϯϮ͕ϴϵͲϵϱϱϬϴ
ϭϳ ĂůĂďĂŶ͕Z͘^͘ĂŶĚ&ĞƌƌĞƚƚŝ͕:͘͘;ϭϵϴϯͿZĂƚĞƐŽĨĞŶǌǇŵĞͲĐĂƚĂůǇǌĞĚĞǆĐŚĂŶŐĞϱϬϵ
ĚĞƚĞƌŵŝŶĞĚďǇƚǁŽͲĚŝŵĞŶƐŝŽŶĂůEDZ͗ĂƐƚƵĚǇŽĨŐůƵĐŽƐĞϲͲƉŚŽƐƉŚĂƚĞĂŶŽŵĞƌŝǌĂƚŝŽŶĂŶĚϱϭϬ
ŝƐŽŵĞƌŝǌĂƚŝŽŶ͘WƌŽĐ͘EĂƚů͘ĐĂĚ͘^Đŝ͘h^͘ϴϬ͕ϭϮϰϭͲϭϮϰϱϱϭϭ
ϭϴ ZǇƵ͕<͘^͕͘<ŝŵ͕͕͘WĂƌŬ͕͘ĂŶĚŚŽŝ͕͘^͘;ϮϬϬϰͿEDZĂŶĂůǇƐŝƐŽĨĞŶǌǇŵĞͲĐĂƚĂůǇǌĞĚϱϭϮ
ĂŶĚĨƌĞĞͲĞƋƵŝůŝďƌŝƵŵŵƵƚĂƌŽƚĂƚŝŽŶŬŝŶĞƚŝĐƐŽĨŵŽŶŽƐĂĐĐŚĂƌŝĚĞƐ͘:͘ŵ͘ŚĞŵ͘^ŽĐ͘ϭϮϲ͕ϱϭϯ
ϵϭϴϬͲϵϭϴϭϱϭϰ
ϭϵ ZǇƵ͕<͘^͕͘<ŝŵ͕͕͘<ŝŵ͕/͕͘zŽŽ͕^͕͘ŚŽŝ͕͘^͘ĂŶĚWĂƌŬ͕͘;ϮϬϬϰͿEDZĂƉƉůŝĐĂƚŝŽŶϱϭϱ
ƉƌŽďĞƐĂŶŽǀĞůĂŶĚƵďŝƋƵŝƚŽƵƐĨĂŵŝůǇŽĨĞŶǌǇŵĞƐƚŚĂƚĂůƚĞƌŵŽŶŽƐĂĐĐŚĂƌŝĚĞĐŽŶĨŝŐƵƌĂƚŝŽŶ͘:͘ϱϭϲ
ŝŽů͘ŚĞŵ͘Ϯϳϵ͕ϮϱϱϰϰͲϮϱϱϰϴϱϭϳ
 
ϮϬ WĞƌƌŝŶ͕͘>͘ĂŶĚǁǇĞƌ͕d͘:͘;ϭϵϵϬͿƉƉůŝĐĂƚŝŽŶŽĨƚǁŽͲĚŝŵĞŶƐŝŽŶĂůEDZƚŽŬŝŶĞƚŝĐƐϱϭϴ
ŽĨĐŚĞŵŝĐĂůĞǆĐŚĂŶŐĞ͘ŚĞŵ͘ZĞǀ͘ϵϬ͕ϵϯϱͲϵϲϳϱϭϵ
Ϯϭ ƐŬŝ͕^͘E͕͘dĂŬĂĐƐ͕͘ĂŶĚ<ŽǁĂůĞǁƐŬŝ͕:͘;ϮϬϬϴͿ/ŶĐůƵƐŝŽŶĐŽŵƉůĞǆĞƐŽĨĐƌǇƉƚŽƉŚĂŶĞʹϱϮϬ
ǁŝƚŚĚŝĐŚůŽƌŽŵĞƚŚĂŶĞĂŶĚĐŚůŽƌŽĨŽƌŵ͗ƚŚĞƌŵŽĚǇŶĂŵŝĐĂŶĚŬŝŶĞƚŝĐƐƚƵĚǇƵƐŝŶŐƚŚĞϭͲϱϮϭ
y^zEDZŵĞƚŚŽĚ͘DĂŐŶ͘ZĞƐ͘ŚĞŵ͘ϰϲ͕ϭϭϯϱͲϭϭϰϬϱϮϮ
ϮϮ <ƵŵĂƌ͕͕͘tĂŐŶĞƌ͕'͕͘ƌŶƐƚ͕Z͘Z͘ĂŶĚtƵĞƚŚƌŝĐŚ͕<͘;ϭϵϴϭͿƵŝůĚƵƉƌĂƚĞƐŽĨƚŚĞϱϮϯ
ŶƵĐůĞĂƌKǀĞƌŚĂƵƐĞƌĞĨĨĞĐƚŵĞĂƐƵƌĞĚďǇƚǁŽͲĚŝŵĞŶƐŝŽŶĂůƉƌŽƚŽŶŵĂŐŶĞƚŝĐƌĞƐŽŶĂŶĐĞϱϮϰ
ƐƉĞĐƚƌŽƐĐŽƉǇ͗ŝŵƉůŝĐĂƚŝŽŶƐĨŽƌƐƚƵĚŝĞƐŽĨƉƌŽƚĞŝŶĐŽŶĨŽƌŵĂƚŝŽŶ͘:͘ŵ͘ŚĞŵ͘^ŽĐ͘ϭϬϯ͕ϯϲϱϰͲϱϮϱ
ϯϲϱϴϱϮϲ
Ϯϯ ĂůĚĂŶŝ͕:͘/͕͘ĂůĚĂŶŝ͕s͘>͘͕͘^ĞůĚŝŶ͕>͘ĂŶĚƂďĞƌĞŝŶĞƌ͕:͘;ϭϵϴϲͿŚĂƌĂĐƚĞƌŝǌĂƚŝŽŶŽĨϱϮϳ
,ĞƌďĂƐƉŝƌŝůůƵŵƐĞƌŽƉĞĚŝĐĂĞŐĞŶ͘ŶŽǀ͕͘ƐƉ͘ŶŽǀ͕͘ĂƌŽŽƚͲĂƐƐŽĐŝĂƚĞĚŶŝƚƌŽŐĞŶͲĨŝǆŝŶŐďĂĐƚĞƌŝƵŵ͘ϱϮϴ
/Ŷƚ͘:͘^ǇƐƚ͘ǀŽůƵƚŝŽŶĂƌǇDŝĐƌŽďŝŽů͘ϯϲ͕ϴϲͲϵϯϱϮϵ
Ϯϰ ĞĞďĞ͕:͘͘ĂŶĚ&ƌĞǇ͕W͘͘;ϭϵϵϴͿ'ĂůĂĐƚŽƐĞŵƵƚĂƌŽƚĂƐĞ͗ƉƵƌŝĨŝĐĂƚŝŽŶ͕ϱϯϬ
ĐŚĂƌĂĐƚĞƌŝǌĂƚŝŽŶ͕ĂŶĚŝŶǀĞƐƚŝŐĂƚŝŽŶƐŽĨƚǁŽŝŵƉŽƌƚĂŶƚŚŝƐƚŝĚŝŶĞƌĞƐŝĚƵĞƐ͘ŝŽĐŚĞŵŝƐƚƌǇ͘ϯϳ͕ϱϯϭ
ϭϰϵϴϵͲϭϰϵϵϳϱϯϮ
Ϯϱ dŚŽĚĞŶ͕:͘͕͘<ŝŵ͕:͕͘ZĂƵƐŚĞů͕&͘D͘ĂŶĚ,ŽůĚĞŶ͕,͘D͘;ϮϬϬϮͿ^ƚƌƵĐƚƵƌĂůĂŶĚŬŝŶĞƚŝĐϱϯϯ
ƐƚƵĚŝĞƐŽĨƐƵŐĂƌďŝŶĚŝŶŐƚŽŐĂůĂĐƚŽƐĞŵƵƚĂƌŽƚĂƐĞĨƌŽŵ>ĂĐƚŽĐŽĐĐƵƐůĂĐƚŝƐ͘:͘ŝŽů͘ŚĞŵ͘Ϯϳϳ͕ϱϯϰ
ϰϱϰϱϴͲϰϱϰϲϱϱϯϱ
Ϯϲ zĂŶŐ͕:͕͘zĂŶ͕Z͕͘ZŽǇ͕͕͘yƵ͕͕͘WŽŝƐƐŽŶ͕:͘ĂŶĚŚĂŶŐ͕z͘;ϮϬϭϱͿdŚĞ/Ͳd^^Z^ƵŝƚĞ͗ϱϯϲ
ƉƌŽƚĞŝŶƐƚƌƵĐƚƵƌĞĂŶĚĨƵŶĐƚŝŽŶƉƌĞĚŝĐƚŝŽŶ͘EĂƚ͘DĞƚŚŽĚƐ͘ϭϮ͕ϳͲϴϱϯϳ
Ϯϳ ZŽǇ͕͕͘<ƵĐƵŬƵƌĂů͕͘ĂŶĚŚĂŶŐ͕z͘;ϮϬϭϬͿ/Ͳd^^Z͗ĂƵŶŝĨŝĞĚƉůĂƚĨŽƌŵĨŽƌϱϯϴ
ĂƵƚŽŵĂƚĞĚƉƌŽƚĞŝŶƐƚƌƵĐƚƵƌĞĂŶĚĨƵŶĐƚŝŽŶƉƌĞĚŝĐƚŝŽŶ͘EĂƚ͘WƌŽƚŽĐ͘ϱ͕ϳϮϱͲϳϯϴϱϯϵ
Ϯϴ ŚĂŶŐ͕z͘;ϮϬϬϴͿ/Ͳd^^ZƐĞƌǀĞƌĨŽƌƉƌŽƚĞŝŶϯƐƚƌƵĐƚƵƌĞƉƌĞĚŝĐƚŝŽŶ͘DϱϰϬ
ŝŽŝŶĨŽƌŵĂƚŝĐƐ͘ϵ͕ϰϬϱϰϭ
Ϯϵ ŚĂŶŐ͕z͘ĂŶĚ^ŬŽůŶŝĐŬ͕:͘;ϮϬϬϰͿ^ĐŽƌŝŶŐĨƵŶĐƚŝŽŶĨŽƌĂƵƚŽŵĂƚĞĚĂƐƐĞƐƐŵĞŶƚŽĨϱϰϮ
ƉƌŽƚĞŝŶƐƚƌƵĐƚƵƌĞƚĞŵƉůĂƚĞƋƵĂůŝƚǇ͘WƌŽƚĞŝŶƐ͘ϱϳ͕ϳϬϮͲϳϭϬϱϰϯ
ϯϬ yƵ͕:͘ĂŶĚŚĂŶŐ͕z͘;ϮϬϭϬͿ,ŽǁƐŝŐŶŝĨŝĐĂŶƚŝƐĂƉƌŽƚĞŝŶƐƚƌƵĐƚƵƌĞƐŝŵŝůĂƌŝƚǇǁŝƚŚdDͲϱϰϰ
ƐĐŽƌĞсϬ͘ϱ͍ŝŽŝŶĨŽƌŵĂƚŝĐƐ͘Ϯϲ͕ϴϴϵͲϴϵϱϱϰϱ
ϯϭ dŚŽĚĞŶ͕:͘͘ĂŶĚ,ŽůĚĞŶ͕,͘D͘;ϮϬϬϱͿdŚĞŵŽůĞĐƵůĂƌĂƌĐŚŝƚĞĐƚƵƌĞŽĨŐĂůĂĐƚŽƐĞϱϰϲ
ŵƵƚĂƌŽƚĂƐĞͬhWͲŐĂůĂĐƚŽƐĞϰͲĞƉŝŵĞƌĂƐĞĨƌŽŵ^ĂĐĐŚĂƌŽŵǇĐĞƐĐĞƌĞǀŝƐŝĂĞ͘:͘ŝŽů͘ŚĞŵ͘ϮϴϬ͕ϱϰϳ
ϮϭϵϬϬͲϮϭϵϬϳϱϰϴ
ϯϮ 'ƌĂŝůůĞ͕D͕͘ĂůƚĂǌĞ͕:͘W͕͘>ĞƵůůŝŽƚ͕E͕͘>ŝŐĞƌ͕͕͘YƵĞǀŝůůŽŶͲŚĞƌƵĞů͕^͘ĂŶĚǀĂŶϱϰϵ
dŝůďĞƵƌŐŚ͕,͘;ϮϬϬϲͿ^ƚƌƵĐƚƵƌĞͲďĂƐĞĚĨƵŶĐƚŝŽŶĂůĂŶŶŽƚĂƚŝŽŶ͗ǇĞĂƐƚǇŵƌϬϵϵĐĐŽĚĞƐĨŽƌĂͲϱϱϬ
ŚĞǆŽƐĞͲϲͲƉŚŽƐƉŚĂƚĞŵƵƚĂƌŽƚĂƐĞ͘:͘ŝŽů͘ŚĞŵ͘Ϯϴϭ͕ϯϬϭϳϱͲϯϬϭϴϱϱϱϭ
ϯϯ ĞŶŶĞƚƚ͕͘͕͘<ŝŵďĂůů͕͘,͕͘'ĂŽ͕D͕͘KƐƚĞƌŚŽƵƚ͕Z͕͘sĂŶŝĞŶ͕^͘:͘ĂŶĚZĂďŝŶŽǁŝƚǌ͕ϱϱϮ
:͘͘;ϮϬϬϵͿďƐŽůƵƚĞŵĞƚĂďŽůŝƚĞĐŽŶĐĞŶƚƌĂƚŝŽŶƐĂŶĚŝŵƉůŝĞĚĞŶǌǇŵĞĂĐƚŝǀĞƐŝƚĞŽĐĐƵƉĂŶĐǇϱϱϯ
ŝŶƐĐŚĞƌŝĐŚŝĂĐŽůŝ͘EĂƚ͘ŚĞŵ͘ŝŽů͘ϱ͕ϱϵϯͲϱϵϵϱϱϰ
ϯϰ ĂŝůĞǇ͕:͘D͕͘&ŝƐŚŵĂŶ͕W͘,͘ĂŶĚWĞŶƚĐŚĞǀ͕W͘'͘;ϭϵϲϳͿ^ƚƵĚŝĞƐŽŶŵƵƚĂƌŽƚĂƐĞƐ͘/͘ϱϱϱ
WƵƌŝĨŝĐĂƚŝŽŶĂŶĚƉƌŽƉĞƌƚŝĞƐŽĨĂŵƵƚĂƌŽƚĂƐĞĨƌŽŵŚŝŐŚĞƌƉůĂŶƚƐ͘:͘ŝŽů͘ŚĞŵ͘ϮϰϮ͕ϰϮϲϯͲϱϱϲ
ϰϮϲϵϱϱϳ
ϯϱ ĂŝůĞǇ͕:͘D͕͘WĞŶƚĐŚĞǀ͕W͘'͘ĂŶĚ&ŝƐŚŵĂŶ͕W͘,͘;ϭϵϲϳͿƐƚƵĚǇŽĨƌĂƚĞůŝŵŝƚŝŶŐϱϱϴ
ĂŶŽŵĞƌŝǌĂƚŝŽŶƐŝŶŐůƵĐŽƐĞŵĞƚĂďŽůŝƐŵ͘&ĞĚ͘WƌŽĐ͘Ϯϲ͕ϴϱϰϱϱϵ
ϯϲ ĂŝůĞǇ͕:͘D͕͘&ŝƐŚŵĂŶ͕W͘,͘ĂŶĚWĞŶƚĐŚĞǀ͕W͘'͘;ϭϵϳϬͿŶŽŵĂůŽƵƐŵƵƚĂƌŽƚĂƚŝŽŶŽĨϱϲϬ
ŐůƵĐŽƐĞϲͲƉŚŽƐƉŚĂƚĞ͘ŶĞǆĂŵƉůĞŽĨŝŶƚƌĂŵŽůĞĐƵůĂƌĐĂƚĂůǇƐŝƐ͘ŝŽĐŚĞŵŝƐƚƌǇ͘ϵ͕ϭϭϴϵͲϭϭϵϰϱϲϭ
ϯϳ ,ĂƌƌŝƐ͕d͘<͘ĂŶĚdƵƌŶĞƌ͕'͘:͘;ϮϬϬϮͿ^ƚƌƵĐƚƵƌĂůďĂƐŝƐŽĨƉĞƌƚƵƌďĞĚƉ<ĂǀĂůƵĞƐŽĨϱϲϮ
ĐĂƚĂůǇƚŝĐŐƌŽƵƉƐŝŶĞŶǌǇŵĞĂĐƚŝǀĞƐŝƚĞƐ͘/hD>ŝĨĞ͘ϱϯ͕ϴϱͲϵϴϱϲϯ
 
ϯϴ ĞĞďĞ͕:͘͕͘ƌĂďƐŚĂŚŝ͕͕͘ůŝĨƚŽŶ͕:͘'͕͘ZŝŶŐĞ͕͕͘WĞƚƐŬŽ͕'͘͘ĂŶĚ&ƌĞǇ͕W͘͘;ϮϬϬϯͿϱϲϰ
'ĂůĂĐƚŽƐĞŵƵƚĂƌŽƚĂƐĞ͗Ɖ,ĚĞƉĞŶĚĞŶĐĞŽĨĞŶǌǇŵĂƚŝĐŵƵƚĂƌŽƚĂƚŝŽŶ͘ŝŽĐŚĞŵŝƐƚƌǇ͘ϰϮ͕ϰϰϭϰͲϱϲϱ
ϰϰϮϬϱϲϲ
ϯϵ ,ŽǁĂƌĚ͕^͘D͘ĂŶĚ,ĞŝŶƌŝĐŚ͕D͘Z͘;ϭϵϲϱͿdŚĞĂŶŽŵĞƌŝĐƐƉĞĐŝĨŝĐŝƚǇŽĨǇĞĂƐƚϱϲϳ
ŐĂůĂĐƚŽŬŝŶĂƐĞ͘ƌĐŚŝǀ͘ŝŽĐŚĞŵ͘ŝŽƉŚǇƐ͘ϭϭϬ͕ϯϵϱͲϰϬϬϱϲϴ
ϰϬ WĂƵůǇ,ĂŶƐ͕͘ĂŶĚWĨůĞŝĚĞƌĞƌ͕'͘;ϭϵϳϱͿͲ'ůƵĐŽƐĞĚĞŚǇĚƌŽŐĞŶĂƐĞĨƌŽŵĂĐŝůůƵƐϱϲϵ
ŵĞŐĂƚĞƌŝƵŵDϭϮϴϲ͗WƵƌŝĨŝĐĂƚŝŽŶ͕ƉƌŽƉĞƌƚŝĞƐĂŶĚƐƚƌƵĐƚƵƌĞ͘,ŽƉƉĞͲ^ĞǇůĞƌƐ͘WŚǇƐŝŽů͘ŚĞŵ͘ϱϳϬ
ϯϱϲ͕ϭϲϭϯϱϳϭ
ϰϭ tŝůůĞŵ͕Z͕͘DĂůĂŝƐƐĞͲ>ĂŐĂĞ͕&͕͘KƚƚŝŶŐĞƌ͕Z͘ĂŶĚDĂůĂŝƐƐĞ͕t͘:͘;ϭϵϵϬͿϱϳϮ
WŚŽƐƉŚŽŐůƵĐŽŝƐŽŵĞƌĂƐĞͲĐĂƚĂůǇƐĞĚŝŶƚĞƌĐŽŶǀĞƌƐŝŽŶŽĨŚĞǆŽƐĞƉŚŽƐƉŚĂƚĞƐ͘<ŝŶĞƚŝĐƐƚƵĚǇďǇϱϳϯ
ϭϯŶ͘ŵ͘ƌ͘ŽĨƚŚĞƉŚŽƐƉŚŽŐůƵĐŽŝƐŽŵĞƌĂƐĞƌĞĂĐƚŝŽŶŝŶϮ,ϮK͘ŝŽĐŚĞŵ͘:͘Ϯϲϱ͕ϱϭϵͲϱϮϰϱϳϰ
ϰϮ ZŽƐĞ͕/͘͕͘KΖŽŶŶĞůů͕͘>͘ĂŶĚ^ĐŚƌĂǇ͕<͘:͘;ϭϵϳϯͿDĂŶŶŽƐĞϲͲƉŚŽƐƉŚĂƚĞ͗ĂŶŽŵĞƌŝĐϱϳϱ
ĨŽƌŵƵƐĞĚďǇƉŚŽƐƉŚŽŵĂŶŶŽƐĞŝƐŽŵĞƌĂƐĞĂŶĚŝƚƐϭͲĞƉŝŵĞƌŝǌĂƚŝŽŶďǇƉŚŽƐƉŚŽŐůƵĐŽƐĞϱϳϲ
ŝƐŽŵĞƌĂƐĞ͘:͘ŝŽů͘ŚĞŵ͘Ϯϰϴ͕ϮϮϯϮͲϮϮϯϰϱϳϳ
ϰϯ tŽůĨĞŶĚĞŶ͕Z͘ĂŶĚ^ŶŝĚĞƌ͕D͘:͘;ϮϬϬϭͿdŚĞĚĞƉƚŚŽĨĐŚĞŵŝĐĂůƚŝŵĞĂŶĚƚŚĞƉŽǁĞƌŽĨϱϳϴ
ĞŶǌǇŵĞƐĂƐĐĂƚĂůǇƐƚƐ͘ĐĐ͘ŚĞŵ͘ZĞƐ͘ϯϰ͕ϵϯϴͲϵϰϱϱϳϵ
ϰϰ ^ĂůĂƐ͕D͕͘sŝŶƵĞůĂ͕͘ĂŶĚ^ŽůƐ͕͘;ϭϵϲϱͿ^ƉŽŶƚĂŶĞŽƵƐĂŶĚĞŶǌǇŵĂƚŝĐĂůůǇĐĂƚĂůǇǌĞĚϱϴϬ
ĂŶŽŵĞƌŝǌĂƚŝŽŶŽĨŐůƵĐŽƐĞϲͲƉŚŽƐƉŚĂƚĞĂŶĚĂŶŽŵĞƌŝĐƐƉĞĐŝĨŝĐŝƚǇŽĨƌĞůĂƚĞĚĞŶǌǇŵĞƐ͘:͘ŝŽů͘ϱϴϭ
ŚĞŵ͘ϮϰϬ͕ϱϲϭͲϱϲϴϱϴϮ
ϰϱ &ĂƵƐƚ͕Z͘'͘;ϭϵϲϬͿDŽŶŽƐĂĐĐŚĂƌŝĚĞƉĞŶĞƚƌĂƚŝŽŶŝŶƚŽŚƵŵĂŶƌĞĚďůŽŽĚĐĞůůƐďǇĂŶϱϴϯ
ĂůƚĞƌĞĚĚŝĨĨƵƐŝŽŶŵĞĐŚĂŶŝƐŵ͘:͘Ğůů͘ŽŵƉ͘WŚǇƐŝŽů͘ϱϲ͕ϭϬϯͲϭϮϭϱϴϰ
 ϱϴϱ
 
ϱϴϲ
ϱϴϳ
)LJXUH6XPPDU\RIVXOIRJO\FRO\VLVϱϴϴ
,PSRUWDWLRQ RI 64*UR DQG FOHDYDJH E\ 64DVH RU GLUHFW LPSRUWDWLRQ RI 64 SURYLGHV DQϱϴϵ
LQWUDFHOOXODU SRRO RI 64 DQRPHUV WKDW FDQ EH LQWHUFRQYHUWHG E\ 64 PXWDURWDVH 64 LVϱϵϬ
PHWDEROL]HGE\VXOIR('RUVXOIR(03SDWKZD\VWRVXOIRODFWDOGHK\GH6/$DQGWKHQWRWKHϱϵϭ
&VXOIRQDWHVGLK\GUR[\SURSDQHVXOIRQDWH'+36RUVXOIRODFWDWH6/SULRUWRH[SRUWϱϵϮ
 ϱϵϯ
 
ϱϵϰ
ϱϵϱ
)LJXUH Herbaspirillum seropedicaea FRQWDLQV D VXOIR(' RSHURQ DQG D SXWDWLYH 64ϱϵϲ
PXWDURWDVHϱϵϳ
$2SHURQVWUXFWXUHRIP. putida64DQGH. seropedicaea VWUDLQ$8%ROGLQGLFDWHVϱϵϴ
JHQHVIRUZKLFKHQ]\PDWLFDFWLYLW\KDVEHHQELRFKHPLFDOO\GHWHUPLQHGLQDWOHDVWRQHRUJDQLVPϱϵϵ
% $OLJQPHQW RI YDULRXV SXWDWLYH PXWDURWDVHV ZLWK VHFRQGDU\ VWUXFWXUDO HOHPHQWVϲϬϬ
:3B +V40 IURP H. seropedicaea 13B <LK4 IURP E. coliϲϬϭ
.+/ 3S64B IURP Pseudomonas putida 64 '$$ <05&ϲϬϮ
KH[RVHSKRVSKDWHPXWDURWDVH IURPS. cerevisiae%$(<SK%DOGRVHHSLPHUDVHϲϬϯ
IURPE. coli%$(7KHVHFRQGDU\VWUXFWXUDOHOHPHQWVDUHDQQRWDWHGIURPWKHVWUXFWXUHϲϬϰ
RIE. coli<SK%3'%QUH ϲϬϱ
 
ϲϬϲ
)LJXUH+RPRORJ\PRGHORIHs640ϲϬϳ
$2YHUOD\RIHs640KRPRORJ\PRGHOJUHHQZLWKDSXWDWLYHPXWDURWDVHIURPClostridium ϲϬϴ
acetobutylicum3'%26JUH\%7KHDFWLYHVLWHVRIWKHHs640KRPRORJ\PRGHOJUHHQϲϬϵ
RYHUODLGZLWK WKHJDODFWRVHPXWDURWDVHGRPDLQRIJDOIURPS. cerevisaeZLWK'JDODFWRVHϲϭϬ
ERXQGJUH\3'%=5HVLGXHQXPEHUVDUHIRUHs640 ϲϭϭ
 
ϲϭϮ
)LJXUH([FHUSWVKRZLQJDQRPHULFUHJLRQVRI'++(;6<SORWVRIYDULRXVKH[RVHVϲϭϯ
DORQHDQGZLWKH. seropediacaePXWDURWDVHϲϭϰ
$VXOIRTXLQRYRVH64%'JOXFRVHSKRVSKDWH*OF3&'JOXFXURQLFDFLG*OF$ϲϭϱ
''JOXFRVH*OF('JDODFWRVH*DO)'PDQQRVH0DQ+H[RVHVDUHDWP0ϲϭϲ
P0Hs640LQP0VRGLXPSKRVSKDWHP01D&OS'ϲϭϳ
 ϲϭϴ
 
   





0L[LQJWLPHPV
1R
UP
DOL
]H
GL
QWH
QV
LW\
   





0L[LQJWLPHPV
1R
UP
DLO
]H
GL
QWH
QV
LW\
    








0L[LQJWLPHPV
1R
UP
DOL
]H
GL
QWH
QV
LW\
    








0L[LQJWLPHPV
1R
UP
DOL
]H
GL
QWH
QV
LW\
     






>E64@P0
9
P
0
V

     





>E*OF3@P0
9
P
0V


$
&
(
%
'
)
ϲϭϵ
ϲϮϬ
)LJXUH.LQHWLFDQDO\VLVRIHs640E\LQYHUVLRQUHFRYHU\'+(;6<ϲϮϭ
,QYHUVLRQUHFRYHU\FXUYHVIRUP064RU*OF3FRUUHVSRQGLQJWR$D64DWP0ϲϮϮ
DQG%D*OF3DWP0,QYHUVLRQGHFD\FXUYHVFRUUHVSRQGLQJWR&E64DWP0ϲϮϯ
DQG ' E*OF3 DW  P00LFKDHOLV0HQWHQ SORWV IRU ( E64 DQG ) E*OF3ϲϮϰ
'DVKHGOLQHVLQGLFDWHWDQJHQWVWRILWWHGFXUYHDWt ϲϮϱ
 ϲϮϲ
 
   
 
 
 
 
 
 
>S K R V S K D WH @ P 0 
k
P
LQ


ϲϮϳ
ϲϮϴ
      

    
    
    
    
S'
k F
DW
K
0
0

V
 
ϲϮϵ
ϲϯϬ
)LJXUH6SRQWDQHRXVPXWDURWDWLRQRID64DQGS'GHSHQGHQFHRIHs640ϲϯϭ
$3ORWRIUDWHVRIVSRQWDQHRXVPXWDURWDWLRQRID64YHUVXVSKRVSKDWHEXIIHUFRQFHQWUDWLRQϲϯϮ
DWSVHXGRFRQVWDQWLRQLFVWUHQJWK%XIIHUVFRQVLVWHGRIP0VRGLXPSKRVSKDWH0ϲϯϯ
1D&OLQ'2S')RUFRPSDULVRQk PLQLQP0VRGLXPSKRVSKDWHϲϯϰ
P01D&OLQ'2S'%S'GHSHQGHQFHRIHs640DFWLYLW\IRUPXWDURWDWLRQRIϲϯϱ
JOXFRVHSKRVSKDWH'DWDZDVILWWRDEHOOVKDSHGFXUYHOHDGLQJWRHVWLPDWHGSKDYDOXHVRIϲϯϲ
DQGϲϯϳ
$
%
SUPPORTING INFORMATION 
1 
 
 
 
Discovery and characterization of a sulfoquinovose mutarotase using 
kinetic analysis at equilibrium by exchange spectroscopy 
 
Palika Abayakoon, James P. Lingford, Yi Jin, Christopher Bengt, Gideon J. 
Davies, Shenggen Yao,* Ethan D. Goddard-Borger,* Spencer J. Williams* 
  
 
Contents 
HsSQM plasmid and sequence data .......................................................................................................... 2 
Table S1. Pairwise sequence comparisons of HsSQM with various hexose mutarotases.* ...................... 3 
Figure S1. Mutarotation of SQ monitored by polarimetry. ....................................................................... 4 
1D 1H NMR spectra .................................................................................................................................. 5 
Sulfoquinovose (600 MHz, 15 mM, D2O) ............................................................................................ 5 
Glucose-6-phosphate (600 MHz, 15 mM, D2O) ................................................................................... 5 
2D 1H-1H NOESY spectra with 1D spectrum projected onto F1 and F2 axes ......................................... 6 
Sulfoquinovose (5 mM), no enzyme ..................................................................................................... 6 
Sulfoquinovose (5 mM), with HsSQM ................................................................................................. 6 
D-Glucose-6-phosphate (5 mM), no enzyme ........................................................................................ 7 
D-Glucose-6-phosphate (5 mM), with HsSQM .................................................................................... 7 
D-Glucuronic acid (5 mM), no enzyme ................................................................................................ 8 
D-Glucuronic acid (5 mM), with HsSQM ............................................................................................ 8 
D-Glucose (5 mM), no enzyme............................................................................................................. 9 
D-Glucose (5 mM), with HsSQM ......................................................................................................... 9 
D-Galactose (5 mM), no enzyme ........................................................................................................ 10 
D-Galactose (5 mM), with HsSQM .................................................................................................... 10 
D-Mannose (5 mM), no enzyme ......................................................................................................... 11 
D-Mannose (5 mM), with HsSQM ..................................................................................................... 11 
 
  
2 
 
HsSQM plasmid and sequence data 
 
plasmid resistance details 
pET29-HsSQM Kan 
C-terminal His6-tagged Herbaspirillum seropedicae strain AU14040 sulfoquinovose mutarotase 
(WP_069374721.1) 
 
pET29-HsSQM 
 
CDS: 
ATGTCGGCAGCTCTTGCGTCCCTGACACTTGCCCAAGGACCGTGGCAAGTGCGCGTGCTGCCTGCACTGGGCGGTGCGATTGC
AAGCGCCAGCTGGCGTGGTCAGCCGGTGCTGCGCCCGAGCGTCGAGGCACAGCTGCAGCAGGGCCTGGTTAGACGCTCTGCGT
GCTATCCGCTGCTGCCGTTTAGTAACCGTATCGGAAACGCGCAATTCGCCTTTGATGGCCAGACATACGCGCTGATTGCCAAC
TTTGACAACGAACCGCACGCTATCCACGGGCTGGGCTTTCAGCGCGCGTGGCAGGTTCAGTCTAGCTCGGCGGAAAGTCTTAC
TATGCAGCTCACCCACGCCTCGCCGAGCCCGGGTCAGTGGCCGTTTGCCTTGCGTGCCACCCAGGTGATTGCCATCGAAGGCG
ACGATCTGGTGCTGCGCCTGGAAGTGGAAAATACCGATCATCGCCGCGCCCCATGCGGCCTGGGCTGGCATCCGTTTTTTCCG
CTGGATAGCGCGGCGCAGCCGACCCAGCTGCAGACCCATTGGCAAGCGATGCTGGTAAACGGGCCAGACAAACTTCCGTGCGG
CAGCACGGCCCCTCCGGATACGACCCAACTGGATACCTTAGTGATTGATAATTGCTTTACCGGCTGGAGCGGCCAGGCCGTCG
TTACCGGCCCGCATCATCGTATTACCCTGACAGCGAGCCCGACCCTGCGTTGCGCGGTGCTGTTTCGCCCGCCGGGGCAGCCG
TTCTTCGCGTTTGAACCGGTGAGCCATCCGAACAATGCCCTGCACGGCGTTGCGCCGGCGATGCACATCCTGGAACCCGGTCA
GTGCCTGGCGGGCGAAATGCGCCTGAGCCTGTCGACCGCTCCGAGCATTCTGGCGGCCGCACTCGAGCACCACCACCACCACC
ACTGA 
 
Translation: 
MSAALASLTLAQGPWQVRVLPALGGAIASASWRGQPVLRPSVEAQLQQGLVRRSACYPLL 
PFSNRIGNAQFAFDGQTYALIANFDNEPHAIHGLGFQRAWQVQSSSAESLTMQLTHASPS 
PGQWPFALRATQVIAIEGDDLVLRLEVENTDHRRAPCGLGWHPFFPLDSAAQPTQLQTHW 
QAMLVNGPDKLPCGSTAPPDTTQLDTLVIDNCFTGWSGQAVVTGPHHRITLTASPTLRCA 
VLFRPPGQPFFAFEPVSHPNNALHGVAPAMHILEPGQCLAGEMRLSLSTAPSILAAALEH 
HHHHH* 
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Table S1. Pairwise sequence comparisons of HsSQM with various hexose mutarotases.* 
 
H. seropediaceae P. putida E. coli L. lactis S. cerevisiae  
HsSQM 
WP_069374721.1 
PpSQ_00415 
KHL76357.1 
YihQ 
NP_418315.3 
GalM 
WP_039116219.1  
 
YMR099C 
DAA09996.1 
% identity 
(%similarity) 
 35 
(49) 
19 
(38) 
13 
(26) 
13 
(28) 
HsSQM 
  19 
(37) 
12 
(24) 
15 
(29) 
PpSQ_00415 
   12 
(29) 
11 
(23) 
YihQ 
    14 
(23) 
GalM 
     YMR099C 
 
 
* Calculated using the “Sequence Manipulation Suite” and the following groupings of similar amino 
acids: GAVLI, FYW, CM, ST, KRH, DENQ, P.  
See: http://www.bioinformatics.org/sms2/ident_sim.html, Stothard, P. Biotechniques, 2000, 28, 1102–
1104. 
 
  
4 
 
0 1 0 0 2 0 0 3 0 0
2 0
2 5
3 0
3 5
4 0
T im e (m in )
[D
]
 
Figure S1. Mutarotation of SQ monitored by polarimetry. 
4-Nitrophenyl D-D-sulfoquinovoside in 50 mM sodium phosphate, 150 mM NaCl in H2O (pH 7.1) was 
treated with sulfoquinovosidase, and after 5 min, the specific rotation was monitored as a function of 
time. pH 7.1, 26±1 °C.  
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1D 1H NMR spectra 
Sulfoquinovose (600 MHz, 15 mM, D2O) 
 
 
Glucose-6-phosphate (600 MHz, 15 mM, D2O) 
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2D 1H-1H NOESY spectra with 1D spectrum projected onto F1 and F2 axes 
Sulfoquinovose (5 mM), no enzyme 
 
Sulfoquinovose (5 mM), with HsSQM 
  
7 
 
D-Glucose-6-phosphate (5 mM), no enzyme 
 
D-Glucose-6-phosphate (5 mM), with HsSQM 
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D-Glucuronic acid (5 mM), no enzyme 
 
D-Glucuronic acid (5 mM), with HsSQM 
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D-Glucose (5 mM), no enzyme 
 
D-Glucose (5 mM), with HsSQM 
  
10 
 
D-Galactose (5 mM), no enzyme 
 
D-Galactose (5 mM), with HsSQM 
  
11 
 
D-Mannose (5 mM), no enzyme 
 
D-Mannose (5 mM), with HsSQM 
 
